OBJECTIVES-To examine the association of stopping to rest during a 400 meter usual-pace walk test (400-MWT) with incident mobility disability in older persons with functional limitations.
INTRODUCTION
Losing functional independence is a major concern of older individuals. 1 The 400-meter usualpace walk test (400-MWT) is a highly reliable performance-based measure of mobility. 2 Chang et al. have reported that the incidence of loss of ability to walk 400 meters was 33.9% over a 21-month follow-up period in a group aged 75-85 who had functional limitations. 3 Time to complete the 400-MWT at baseline was the strongest predictor of subsequent loss of mobility. Furthermore, these investigators identified a potential threshold in the time to complete the 400-MWT at baseline of 7 minutes, at or above which the proportion of persons unable to complete the test at follow-up was substantially higher. Newman et al. showed that in nondisabled older persons each one minute increase in the time required to complete the 400-meter walk performed as quickly as possible was associated with a 52% increased risk of mobility disability (defined as two consecutive reports of severe difficulty or inability walking a quarter of a mile or climbing stairs). 4 However, another factor that could predict the risk of mobility disability is the need to rest during the 400-MWT. This might provide important prognostic information and potentially be more important than, for example, the time to complete the test. The number of rest stops allowed during the 400-MWT is unlimited; however, to complete the test successfully rest stops longer than 60 seconds and sitting are not allowed. 2 Rolland et al. reported a mean number of rest stops per person of 0.7 (SD 1.5) in a group of community-dwelling participants (n=60), aged 65 or older, who had self-reported difficulty in two or more of four functional domains. The need to rest during the 400-MWT may identify individuals who are at a high risk for developing mobility disability despite successfully completing the 400-MWT. To our knowledge, the clinical utility of needing to rest during the 400-MWT have not been previously evaluated, especially in relation to the onset of subsequent mobility disability.
The aim of the present study was to determine whether participants who stop to rest during the 400-MWT at baseline are more likely to develop mobility disability as compared with those who do not stop to rest during the baseline assessment.
METHODS

Participants
The study participants were recruited from four sites (Dallas, Texas; Stanford, California; Pittsburgh, Pennsylvania; and Winston-Salem, North Carolina) to the Lifestyle Intervention and Independence for Elders Pilot (LIFE-P) Study, a randomized controlled pilot clinical trial evaluating the effect of physical activity on mobility disability. Participants were 424 community-dwelling older men and women between 70-89 years of age who had functional limitations (as described below), were able to complete the 400-MWT within 15 minutes without the use of an assistive device, and had a sedentary lifestyle (i.e., less than 20 minutes a week of regular physical activity during the past month). Potential participants were excluded if they had a Mini-Mental State Examination (MMSE) score 5 less than 21 or had one or more of the following conditions: uncontrolled angina, Parkinson's disease or cancer requiring treatment in the past three years. Details of the entry criteria and the recruitment process have been previously described. 6,7
Main variables
The main independent variable was the need to rest during the baseline assessment of the 400-MWT, 2 which was performed at usual pace. In the 400-MWT, any standing rest stop was allowed as long as it did not exceed 60 seconds. The number and duration of rest stops were recorded in intervals of <30 seconds and 30-60 seconds. Our main interest was whether any rest stop (yes/no) was associated with mobility disability. A secondary question was whether increased numbers of rest stops were associated with increased risk of mobility disability. Lastly, in sub-analyses, 15 or 45 seconds per rest were subtracted from the total walk time for rest stops of <30 seconds and 30-60 seconds, respectively.
The main outcome variable was the loss of ability to complete the 400-MWT within 15 minutes without sitting and without the use of an assistive device (including a cane) during a reassessment at either 6 or 12 months. Thus, mobility disability is defined as being unable to complete the 400-MWT within 15 minutes without sitting. If the 400-MWT could not be assessed at follow-up, the outcome was adjudicated by a committee of investigators masked to intervention group. 8 Available information at follow-up was reviewed and mobility disability was determined to be present if any of the following were found: 1) the observation of a 4-meter walking speed below 0.4 meter/second at a home/clinic assessment, 2) the inability to walk across a room without assistance of another person or assistive device as evident from either observation or self/proxy-reports collected in person or by telephone, or 3) medical records documenting the participant being unable to walk such as when bed/wheelchair-bound. The mobility disability outcome was defined as indeterminate if information was insufficient to adjudicate the outcome.
Functional limitation is defined as having a SPPB score of 9 or below. The SPPB evaluates balance, gait, and strength. 9,10 For balance, participants were asked to stand with their feet in side-by-side, semi-tandem, and tandem balance positions for 10 seconds each. Participants were then asked to walk a distance of four meters at their usual pace. The quickest time out of two trials was chosen for further analysis. Finally, participants were asked to rise from a chair five times as quickly as possible while keeping their arms folded over their chest. Details on scoring of the tests have been described previously. 9,10 Briefly, the sum of sub-scores of the balance, walking, and chair-rise tests yields the total SPPB score, ranging from 0 to 12 (best function).
Baseline characteristics
Participant characteristics included age, gender, race, body mass index (BMI), and cognitive function, evaluated with the Mini-Mental State Examination (MMSE). 5 Total number (maximum = 10) of clinical conditions was ascertained using the question "Has a doctor ever told you that you have…": high blood pressure or hypertension; heart attack, coronary, or myocardial infarction; congestive heart failure; stroke or brain hemorrhage; cancer or a malignant tumor (excluding minor skin cancers); diabetes, sugar in the urine, or high blood sugar; broken or fractured hip; lower limb arthritis; cirrhosis or liver disease; and chronic lung disease (i.e., chronic bronchitis, COPD, asthma, or emphysema). The total number (maximum = 9) of symptoms (anxiety, fatigue, decreased appetite, insomnia, dizziness, muscle or joint stiffness, muscle strain or soreness, sprain (ankle or knee), foot pain) within the past 6 months was determined. Self-rated health status was assessed and participants reporting fair and poor health were distinguished from those reporting excellent, very good, or good health.
Participants were asked about the farthest distance walked at one time in the past two weeks without sitting to rest (less than ½ mile (0.4 km) versus others). Self-reported limitation in walking one mile was defined as "having difficulty in walking one mile", and limitation in climbing stairs was defined as "having a lot of difficulty" with this task. Usual walking speed across 4 meters (m/sec) was assessed.
Self-efficacy in walking ability was evaluated after completing the 400-MWT, and high efficacy was defined as complete confidence (i.e., 10 on a 10-point scale) in being able to walk 5 laps at the same speed one week after initially completing the 400-MWT. 11
Finally, intervention assignment (physical activity (PA) or successful aging (SA) intervention), which has previously been described in detail, 6,8 was included to examine whether PA participation could decrease the impact of stopping to rest on incident mobility disability. In short, the PA intervention included walking and strength, flexibility and balance exercises. The intervention had three phases, passing from primarily supervised, group-based sessions to home-based exercise. Between four and five sessions per week were encouraged throughout the intervention period. The SA intervention comprised group-based sessions focusing on health education such as nutrition, medication use, and foot care and was employed to provide this control group attention in the study period. During the first 26 weeks participants had weekly sessions, followed by monthly sessions until the end of the study.
Statistical Analyses
Baseline characteristics of participants who stopped to rest (REST) during the 400-MWT and those who did not rest (NO-REST) were compared using un-paired Student t tests or Chi-square tests to examine group differences. Any variable that yielded a group difference with a p-value below 0.1 was used as a covariate for the subsequent logistic regression analyses which were used to assess the association of stopping to rest during the 400-MWT with mobility disability at either 6 or 12 month follow-up. The association of stopping to rest with mobility disability at follow-up was further examined in age-, sex-and clinic examination site-adjusted analyses stratified by selected baseline variables: age, gender, SPPB score, 400-MWT, and intervention group assignment. All statistical analyses were performed using SAS version 9.1 (SAS, Cary, NC) and a 5% two-tailed level of significance was applied.
RESULTS
At baseline, 54 (12.5%) participants stopped to rest during the 400-MWT. As shown in Table  1 , participant's mean age was 76.8 years (standard deviation (SD) = 4.2). Participants who stopped to rest were significantly more likely to be female, have higher BMI, lower extremity arthritis, and walking limitations than those who completed the 400-MWT at baseline without resting. Additionally, those who rested performed more poorly on the SPPB, were slower to complete both the 4 meter walk and 400-MWT as compared with those who did not rest. The percentage being confident in completing 5 laps of the 400-MWT at the same speed the following week was lower in those who rested than in those who did not rest (70% versus 90%). No differences were observed between the two groups in MMSE score, total number of clinical conditions or symptoms, self-rated health (Table 1) . Fifty percent of both those who rested and those who did not rest were assigned to the physical activity intervention. Among 213 participants in the physical activity group 27 rested and among 211 in the successful aging 27 participants rested.
Four hundred seven participants were tested for mobility disability at least once during the follow-up and 372 were tested twice. Mobility disability could not be adjudicated for twelve surviving participants and two who died before follow-up. These participants were not systematically different at baseline from the participants with non-missing mobility disability outcome. The proportions of adjudicated failures and indeterminate outcomes and deaths in those who rested were not significantly different as compared with those who did not rest.
The percentage of participants failing the 400-MWT at follow-up was 37.7% in those who rested and 8.7% in those who did not rest. Among those who rested, there was no step-wise increase in the rate of failing the 400-MWT as a function of the number of rest stops (P = 0.77). In both groups, the percentage of participants failing the 400-MWT at follow-up was higher in those taking longer to complete the baseline 400-MWT. Those completing the baseline 400-MWT in less than 8 minutes had a low incidence of failing the 400-MWT at follow-up, and there were few among those stopping to rest who completed the walk this fast at baseline. In contrast, the percentage of failure in the group needing 10 or more minutes to complete the 400-MWT was 48% in those who rested as compared with 25% in those who did not rest.
Adjusted for age, sex, and clinic site, the likelihood of mobility disability at follow-up was more than 5 times higher in those who rested as compared with those who did not rest (OR 5.4; CI 2.7-10.9). As shown in Figure 1 , even when stratified by age, gender, SPPB, 400 meter walking time, and intervention assignment, those stopping to rest generally had an increased likelihood of failing the 400 meter walk at follow-up compared with those who did not. For example, those who rested and were less than 80 years or 80 years or older were 5.3 and 12.7 times more likely to develop mobility disability, respectively, than those who did not rest and were younger than 80 years old.
Separate analyses were performed in those who rested and those who did not rest to examine the possible protective effect of being assigned to the physical activity intervention as compared with the successful aging intervention (data not shown). In those who rested, being assigned to the intervention with physical activity was associated with a non-significant but substantial reduction in the likelihood of mobility disability (OR 0.3, CI 0.1-1.3) at follow-up. In those who did not rest, there was also a non-significant, but smaller reduction in the likelihood of mobility disability (OR 0.8; CI 0.4-1.7) associated with being assigned to the physical activity intervention. Table 2 shows the association of rest stopping with subsequent mobility disability adjusting for age, gender, clinic site, 400 meter walking time, SPPB, self-reported one mile walking limitation, walking efficacy, lower limb arthritis and BMI. In general, adjustment for 400 meter walking time resulted in the largest reduction in the association. But even when simultaneously adjusting for SPPB and 400 meter walking time together with the variables in the first model there was still a 2-fold increased likelihood of mobility disability (Table 2, Model 4). When adjusting for all variables simultaneously, persons who rested at baseline were more than twice as likely to develop mobility disability, but this did not reach statistical significance (OR 2.1; CI 0.9-4.9, P = 0.09) (Table 2, Model 7). In analysis not shown, utilizing the 400 meter walking time subtracting the estimated time to do the rest stops did not substantially change the estimates. Lastly, entering intervention assignment did not affect the results.
DISCUSSION
The present study evaluated the association between stopping to rest during the 400-MWT and incident mobility disability in older persons with functional limitations. The primary finding of this analysis was that persons stopping to rest during a 400-MWT were more likely to develop future mobility disability. The association between stopping to rest and incident mobility disability was diminished, but remained statistically significant, after simultaneous adjustment for SPPB and the time to complete the 400-MWT. Simultaneously adjustment for all variables under study resulted in loss of statistical significance but this may result from having a small number of at risk persons and small number of events. No gradient between the number of rest stops and increased probability of mobility disability was observed.
This study demonstrated a strong association between rest stops and mobility disability, but the mechanisms underlying this association are not known. It is conceivable that stopping to rest is simply a characteristic of more physically impaired older persons who are on the brink of mobility disability. Interestingly, while those who rested had poorer physical functioning as compared with those who did not rest, there was no significant difference with regard to cognitive function, total number of diseases, total number of symptoms, and self-rated health.
On average, those who rested were 2.45 minutes slower in performing the 400-MWT as compared with those who did not rest. We evaluated whether the time actually spent stopping to rest biased the analyses of association between stopping to rest and mobility disability by subtracting time for each rest stop from the time to complete the 400-MWT but the results were essentially unchanged.
Self-efficacy in walking ability was significantly lower in those who rested as compared with those who did not rest. Participants were asked about their level of confidence in being able to walk 5 laps at the same speed as in the just finished 400-MWT one week later. Self-efficacy theory would predict that successful completion of the 400-MWT would increase one's confidence in their ability to successfully complete the walk in the near future. 12 However, stopping to rest during the 400-MWT reduced self-efficacy to the point that those who rested thought more negatively of future success in completing an even shorter distance of 100 meters (5 laps). It is likely that those who rested were more fatigued than those who did not rest, which may have reduced their confidence in their ability to complete a future walk. Focht and colleagues reported that fatigue was negatively associated with self-efficacy after acute physical exercise. 13
Participation in physical activity reduced the risk of mobility disability non-significantly by 70% in those who rested and 20% in those who did not rest. Despite being non-significant, this reduction may be a true effect, as the main study was not powered to determine the effect of physical activity on mobility disability. 6,8 Although speculative, the observed 70% reduction in risk of mobility disability in the physical activity group compared with the successful aging group among those who rested might partly be due to improved lower extremity function and a concomitant increased self-efficacy in the walking task. 8, 14 Some limitations of the study should be considered when interpreting the present results. The extent to which performing rest stops is a symptom of peripheral artery disease is not known because data to identify this condition was not collected. 15, 16 Assessing in depth why the rest stop was performed would have been helpful. However, reasons to completely discontinue the walk test at any time during the follow-up were assessed and 12 of a total of 75 reported leg pain, indicating that leg pain is an important factor for mobility disability, as has been observed previously. 17 The most frequently stated reason for completely stopping the walk was shortness of breath (n=15). The definition of mobility disability, as assessed using an objective measurement of walking 400 meter, has been used previously 3,6 but is unlike definitions of mobility disability based on self-reported ability to perform given tasks. 4,18 Differences in definitions should be considered when interpreting these results.
In conclusion, stopping to rest when performing the 400-MWT at usual speed is strongly associated with future incident mobility disability in non-disabled older persons with functional limitations. A better understanding of why people stop to rest when tested on the 400-MWT might lead to improved interventions to prevent mobility disability. Odds Ratios (95 % Confidence Intervals) for Mobility Disability at Follow-up According to Stratification by Rest Stop Status, Age, Gender, Performance in Short Physical Performance Battery (SPPB) and 400-Meter Walk, and Intervention Group Assignment. Note: The black circle and the horizontal lines correspond to odds ratio and 95% confidence interval. Adjusted for age, sex, and clinic examination site. Table 2 Adjusted Association of Stopping to Rest with Mobility Disability at Follow-up. Table 1 ) who were excluded from the models.
